Materials
All solvents used were of reagent grade quality or better and purchased from Biosolve, SigmaAldrich or Actu-All Chemicals. THF and DCM were dried using molecular sieves (3 Å). 3-(Trimethylsilyl) propargyl alcohol, triethylamine and acryloyl chloride were used as received from Sigma Aldrich. Degassed tetrahydrofuran (THF) was used in the initial stages of the reaction.
For the RAFT polymerization, 4-cyano-4-[(dodecylsulfanylthiocarbonyl)sulfanyl]-pentanol was used as received. N-isopropylacrylamide was recrystallized from hexane at 65 °C, AIBN was recrystallised from MeOH at 45 °C and dioxane (stab. BHT) was freshly distilled for the synthesis.
For the deprotection, tetrabutyl-ammonium fluoride in THF (1 M) and glacial acetic acid were used as received. Degassed THF was used in the initial stages of the deprotection and stabilized THF was used to wash the silica column during the removal of the TBAF impurities from the reaction mixture. DA and DA-N3 were prepared according to literature procedures 1,2 .
General methods
NMR spectra were recorded on a 400 MHz Bruker UltraShield Magnet (100 MHz for 13 C-NMR).
Chemical shifts (δ) are reported in parts per million (ppm) using residual solvent signal or tetramethylsilane (TMS) as internal standards 3 . Splitting patterns are labeled as singlet (s), doublet (d), double doublet (dd), triplet (t), quartet (q), pentet (p) and multiplet (m).
Gel permeation chromatography (GPC) was carried out on a Shimadzu Prominence-i LC-2030C
3D system equipped with a RID-20A refractive index detector, using a Polymer Standards Service
Gram Linear M 8 × 300 mm, 10 μm particles column. DMF with 10 mM LiBr was used as eluent at a flow rate of 1 mL min -1 . Poly(ethylene glycol) standards were used for calibration.
The mechanical properties of the hydrogels were tested by oscillatory rheometry. Dynamic viscoelastic measurements were performed on a stress-controlled Anton Paar and a Physicia MCR 501 Discovery HR-3, TA Instruments rheometers equipped with a 25-mm stainless steel sandblasted plate-plate geometry to prevent slippage of the sample in a temperature-controlled environment. Measurements were performed by placing mineral oil around the sample to minimize evaporation at a fixed plate-to-plate gap of 500 µm. The temperature was fixed to 20 °C.
After addition of the catalyst, gelation was monitored under small-amplitude oscillatory strain (1 %) and an angular frequency of 6.28 rad s -1 . To probe the elasticity of the gels, we applied a steady pre-stress, σ on which an oscillatory stress, δσ(t) = δσe iwt is superimposed with an amplitude at most 10% of σ and an angular frequency of ω = 6.28 rad s -1 .
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Small-angle X-ray scattering (SAXS) profiles were recorded on SAXLAB GANESHA 300 XL SAXS equipped with a GeniX 3D Cu Ultra Low Divergence micro focus sealed tube source producing Xrays with a wavelength λ = 1.54 Å at a flux of 1×10 8 ph s -1 and a Pilatus 300 K silicon pixel detector with 487 × 619 pixels of 172 × 172 µm 2 in size placed a three sample-to-detector distances of 113, 713, and 1513 mm respectively to cover a q-range of 0.07 ≤ q ≤ 3.0 nm -1 with q = 4π/λ(sin θ/2).
Silver behenate was used for calibration of the beam center as well as the q-range. Samples were measured within 2 mm quartz capillaries (Hilgenberg GmbH, Germany). The two-dimensional SAXS patterns were brought to an absolute intensity scale using the calibrated detector response function, known sample-to-detector distance, measured incident and transmitted beam intensities, and azimuthally averaged to obtain one-dimensional SAXS profiles. The scattering curves of the fibers were obtained by subtraction of the scattering contribution of the solvent and quartz cell. Subsequently, the organic layer was separated, dried over anhyd. MgSO4 and concentrated in vacuo to yield a clear yellow/brown solution of 3-(trimethylsilyl) prop-2-argyl acrylate (1) 
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Cryo-Electron micrographs DA was weighted in the solid state and subsequently dissolved in ca. 300 μL chloroform. The solvent was allowed to evaporate overnight and the remaining solid was re-dissolved in mili-Q water to a concentration of 50 mg mL -1 assisted by applying combined cycles of ultrasonication and vortex until the full dissolution of the solid material. At this concentration, the fibers were allowed to equilibrate at ambient temperature for a minimum of 2 d in a UV-protected environment. The samples were then brought to a concentration of 18 mg mL -1 by adding mili-Q water, and subsequently transferred to quartz cuvettes (1 × 1 cm) equipped with stirring bars.
Photo-polymerization was conducted by irradiating the solutions with UV-light (254 nm) for 15 min under continuous stirring using a Luzchem photoreactor (model LCZ 4V) equipped with 7.2 W UV-C lamps. Finally, samples were diluted by a factor of 1000 with water prior to imaging.
Vitrified films were prepared in an automated vitrification robot (VitrobotTM Mark III, FEI) at 20 °C and at a relative humidity of 100%. In the preparation chamber, 3 μL sample was applied on a Quantifoil grid (carbon support film on a copper grid, typeR 2/2, Electron Microscopy Sciences), which was glow discharged prior use (Cressington 208 carbon coater operation at 5 mA for 40s).
Subsequently, the samples were blotted to remove the excess of solution and vitrified in liquid ethane. The vitrified films were transferred to a cryoholder (Gatan 626) and studied in a FEI Tecnai 20 (type Sphera) microscope operating at 200 kV, equipped with a LaB6 filament. The images were recorded using a 1k × 1k Gatan CCD camera. Gatan DigitalMicrograph was used for image analysis.
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Gel preparation method
Samples were prepared by weighing DA and DA-N3 in the solid state followed by the addition of ca. 300 µL chloroform. The organic solvent was allowed to evaporate overnight and the remaining solid was re-dissolved in mili-Q water to a concentration of 50 mg mL -1 assisted by applying combined cycles of sonication (30 min) and vortex (1 min To quantify the morphology of the covalently crosslinked hydrogel of Figure 4B at both global and local scales, the correlation length model was used. 4 This model contains several parameters:
The first term ( 
